eat and moisture production (HMP) rates of animals and their surroundings are the basis for effective design and operation of environmental control systems for animal production facilities. HMP rates are influenced by animal genetics, nutrition, housing style, equipment, and management practices, all of which have witnessed significant advancement over the years Lott, 1982a, 1982b; Gates et al., 1996; Xin et al., 1998) . Photoperiod has been shown to have significant impacts on HMP of poultry (Riskowski et al., 1977; Zulovich et al., 1987; . The W-36 laying hen strain is common in U.S. egg production due to its high livability and productive potential (Hy-line, 2009 (Hy-line, -2011 .
Studies have shown that the modern laying hens have higher HMP rates than birds of 20 to 50 years ago (Chepete at al., 2004; Chepete and Xin, 2002) . HMP data provide the foundation for proper design, operation, and management of the ventilation system in laying hen houses (Green and Xin, 2009 ). As such, reliable HMP data that reflect the operational conditions are essential for provision of suitable environmental control components (heating, cooling, and ventilation rate) for the housed birds, and ultimately maximizing productivity of the birds and profitability of the operation.
While most of the literature HMP data are for thermoneutral (TN) conditions, commercial poultry barns often encounter a warmer environment during summer. Hence, the objective of this study was to quantify HMP of laying hens in their prime laying phase under environmental conditions typical of commercial production settings. It should be noted that the latent and sensible heat values from this study were for room level (vs. bird level), thereby reflecting the production conditions.
MATERIALS AND METHODS

EXPERIMENTAL CONDITIONS AND HENS
The four indirect animal calorimeters, each measuring 1.5ĂW × 1.8 D × 1.8 H m, in the Livestock Environment and Animal Physiology (LEAP) Laboratory of Iowa State University were used in the study. Detailed description of the calorimeters system can be found in previous publications (Xin et al., , 1998 Chepete et al., 2004; Green and Xin, 2009) . Two experiments were conducted, each involving 216 W-36 laying hens in their prime laying stage at 27 to 33 weeks of age, i.e., six-week measurement period. In both cases, the first week was used for acclimation; hence, the corresponding data were excluded from the final HMP analysis. The hens were exposed to 23.9°C to 25.2°C and 45% to 65% RH in the first experiment and 24.4°C to 27.1°C and 45% to 65% RH in the second experiment. These thermal conditions are typical of commercial production situations. The hens were procured from a commercial laying hen facility in Iowa. Upon arrival at the LEAP laboratory, the birds were divided into four equal groups and randomly allocated to the four chambers, with 54 birds per chamber. Each chamber had a cage rack with nine cages and six hens per cage at an average cage stocking density of 435 cm 2 (67 in. 2 ) per hen. This cage stocking density was typical of U.S. egg industry production practice. A manure collection pan was placed underneath H each cage. The hens were provided with water and standard commercial laying hen feed ad libitum. The lighting regimen was 16 h light and 8 h dark, as used on the commercial farm. At the end of each experiment, the birds were humanely euthanized, as approved by the Iowa State University Institutional Animal Care and Use Committee.
MEASURED AND CALCULATED VARIABLES
The environment variables measured continuously throughout the measurement period included carbon dioxide (CO 2 ) and oxygen (O 2 ) concentrations, ambient temperature, dewpoint temperature, and airflow rate of each chamber. Once a week, 18 hens were sampled from each chamber and weighed to represent the mean body weight of the birds. Manure was removed from each chamber once per week. The data collected in the first 3 d of each week were used in the analysis. This practice was to ensure that the CO 2 produced from manure degradation would be negligible as compared to the amount of respiratory CO 2 production of the hens. From these measured variables, the energetic responses were determined, namely, respiratory quotient (RQ, ratio of CO 2 production to O 2 consumption), total heat production (THP) of the hens, and room-level latent heat production (LHP). The corresponding room-level sensible heat production (SHP) was calculated as the difference between THP and LHP. The detailed calculations for these may be found in the literature (Xin and Harmon, 1996) .
DATA HANDLING AND ANALYSIS
In each experiment, repeated measurements were taken in each chamber, and each of the four chambers constituted a replication. For each week, data collected during the first 3Ăd were used in the analysis. Within each day, the HMP data were divided into light (16 h) and dark (8 h) periods as well as expressed as daily time-weighted average (TWA). The HMP data were then analyzed using SAS PROC MIXED (SAS, 2008) for the main effects of experiment, age, and photoperiod. The effects were considered significant at a = 0.05.
Quality control and assurance standard operational protocols were followed in data collection (e.g., system and instrument calibration, sufficient time of stabilization between sequential sampling of air from each calorimeter chamber) and data analysis (e.g., data completeness within the 24 h measurement period, flagging of questionable readings) to ensure highest quality and integrity of the results.
RESULTS AND DISCUSSION
THP, LHP, SHP, and RQ showed no significant differences (p = 0.85, 0.12, 0.11, and 0.13, respectively) between the two experiments. Thus, data from both experiments were pooled and are presented in table 1. The hens did not pant nor show any other sign of heat stress in either experiment, indicating that the conditions were within the TN range of the hens.
The TWA THP values in this study ranged from 5.6 to 6.8ĂW kg -1 , averaging 6.1 ±0.3 W kg -1 for hens at 28 to 33Ăweeks of age. The average value compared well with results from recent studies by Green and Xin (2009) and Chepete et al. (2004) , who reported average values of 6.5 W kg -1 for hens at 39 to 46 weeks of age under 24°C temperature and 7.0 W kg -1 for hens at 37 weeks of age under 24.4°C temperature, respectively. The somewhat lower THP for the current study presumably can be attributed to the warmer temperature, ranging from 24°C to 27°C, and is consistent with findings by Green and Xin (2009) , who observed a decrease in THP from 6.5 W kg -1 at 24°C to 5.6 W kg -1 at 32°C. THP was significantly (p = 0.0001) affected by bird age and photoperiod in that it was significantly higher in the light period (6.5Ă±0.3 W kg -1 ) than in the dark period (5.4 ±0.3 W kg -1 ). This outcome was consistent with the literature reports (Green and Xin, 2009; Chepete et al., 2004; MacLeod and Jewitt, 1984; Riskowski et al., 1977) . The higher THP in the light period was attributed to more physical activities, such as feeding, drinking, pecking, and locomotion, as reported by Boshouwers and Nicaise (1985) . In this study, a change from light to dark period resulted in an average THP reduction of 22%, as compared with the literature report of 24% to 35%. When the birds reached 33 weeks of age, the THP values were appreciably higher than those at younger age (table 1) . This outcome presumably arose from birds having reached peak egg production and metabolism. Such a trend had been reported by Chepete et al. (2004) to occur during the post-metabolic peak period for W-36 laying hens. [a] Results are averages of two experiments with a total of four chambers used per experiment. TWA = time-weighted average. Numbers in parentheses are standard errors of the means (SEM). [b] The difference between light and dark values was not significant (p = 0.78 to 0.92). [c] The difference between light and dark values was significant (p = 0.0001).
[d] SEM = 0.02. Moisture production (MP, g kg -1 h -1 ) = 3600 × LHP/h fg , where h fg is latent heat of vaporization (kJ kg -1 ) evaluated at the mean temperature between T a and core body temperature of the hen (41°C).
The room LHP values were higher in the light period than in the dark period, although the differences were not significant (p = 0.92). LHP magnitude is influenced by the sources of moisture within a room, such as the amount of manure accumulation, manure moisture content, and possible water leakage from drinkers. The TWA LHP ranged from 2.0 to 2.5, averaging 2.3 ±0.2 W kg -1 . The studies by Green and Xin (2009) and Chepete et al. (2004) reported room-level LHP of 3.5 W kg -1 (39 to 46 week old hens) and 3.3 W kg -1 (37 week old hens). The lower room-level LHP for the current study, as compared to the previous studies, could have been caused by differences in the amount of accumulated manure in the manure pan, moisture content in the manure, and possible leakage of drinking water. Expressed as a percentage of THP, LHP ranged from 35% to 40%, averaging 38%. Chepete et al. (2004) reported a range of 29% to 55%, averaging 45% for laying hens at 21 to 64 weeks of age housed at 24°C. Moisture production (MP, g kg -1 h -1 ) may be derived from the LHP using the relationship shown in table 1.
The SHP was 4.1 ±0.1W kg -1 during the light period and significantly decreased to 3.2 ±0.1 W kg -1 (a 28% reduction) during the dark period (p = 0.0001). This reduction was presumably caused by the reduced physical activities of the hens during the dark period. The magnitude of reduction was consistent with the literature values (Riskowski et al., 1977; Feddes et al., 1985; Li et al., 1991; . The TWA SHP in the current study ranged from 3.6 to 4.4, averaging 3.8 ±0.1 W kg -1 . Green and Xin (2009) and Chepete et al. (2004) reported average room SHP of 3.1 W kg -1 for 39 to 46 week old hens and 3.7 W kg -1 for 37 week old W36 hens, respectively. The authors also reported 11% to 15% SHP reduction when switching from light to dark.
The TWA RQ ranged from 0.98 to 1.02, averaging 1.00 ±0.02, whereas it averaged 1.00 ±0.02 and 0.99 ±0.02 W kg -1 during the light and dark periods, respectively. The light and dark period values were not significantly different (p = 0.78). The RQ values suggest that the birds were well fed and used carbohydrates as their main source of energy (Sturkie, 1954; Mori, 1968) . RQ for laying hens under TN conditions have been reported to be 0.91 (Chepete et al., 2004) and 0.92 (Ketelaars et al., 1985) .
CONCLUSIONS
Total heat production rate (THP), room-level latent heat production rate (LHP), and room-level sensible heat production rate (SHP) of W-36 laying hens (28 to 33 weeks of age) under 24°C to 27°C temperature conditions were quantified. The conclusions and highlights of the study are as follows:
S The laying hens showed similar heat production responses for the temperature range, indicating that 24°C to 27°C is within the thermoneutality of the birds. S Daily THP, LHP, and SHP, in W kg -1 (mean ±SE) were 6.1 ±0.3, 2.3 ±0.2, and 3.8 ±0.1, respectively. THP and SHP during the light hours of the day were significantly (17% to 22%) higher than during the dark hours of the day (6.5 vs. 5.4 W kg -1 THP; 4.1 vs. 3.2 ±0.1 W kg -1 SHP). S Results from this study confirm and complement existing literature data on heat and moisture production rates of laying hens that may be used in the design and operation of ventilation systems for modern laying hen housing.
